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摘 要 
I 
摘  要 
航空航天事业的飞速发展，对航空铝合金制品的需求日益增多，为此，“高
精密、高效、高速”加工航空铝合金制品专用的硬质合金回转面刀具显得尤其重
要。目前，在硬质合金刀具磨削工艺、刀具制造软件方面，我国与国际先进水平
还存在较大差距，航空铝合金加工用硬质合金刀具技术与市场基本被国外占领，
制约了我国刀具制造业的发展。 
在此背景下，论文围绕航空铝合金加工专用硬质合金刀具磨削成形技术这一
课题，以实现整体刀具高精度、高效加工为目标，对硬质合金刀具成形磨削软件
开发进行研究，为我国刀具制造及工艺技术提供一定的理论支持。论文工作主要
包含以下内容： 
1. 基于复杂曲面成形和回转面刀具刀刃曲线几何参数主动控制技术，围绕
锥度平头立铣刀建立了一套能够在 CNC 五轴工具磨床刀具制造中主动控制刀具
几何参数的通用刀位轨迹数学模型。 
2. 针对圆弧头立铣刀，分别推导了前刀面以及后刀面加工的磨削轨迹数学
模型，且模型具有通用性，并充分利用 CNC 工具磨床的柔性，完成了刀位轨迹
向机床坐标的坐标转换，得到了机床的运动参数。 
3. 基于 WM621 五轴工具磨床结构运动形式，利用 VC++6.0 编程语言开发
了一套专用于WM621工具磨床，航空铝合金加工专用硬质合金立铣刀磨削软件。 
4. 基于三维仿真软件，搭建五轴数控磨削仿真平台，结合软件生成的加工
G代码对刀具进行模拟仿真加工，提高了数控指令的正确性与安全性，验证了数
学模型的正确性。最后对刀具进行实际加工实验，并对磨削成形的刀具进行几何
参数检测，检测结果良好。 
 
关键词：回转面刀具； 主动控制；刀位轨迹；模拟仿真 
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Abstract 
With the rapid development of aerospace industry, the demand for aviation 
aluminum alloy products is increasing day by day. And so “High precision, High 
efficiency, High speed,” special rotary cutting tool for machining aviation aluminum 
alloy occupies an important position in the aviation industry. But, At present, there is 
still a big gap between our country and the international advanced level in the process 
of hard alloy tool grinding and tool manufacturing software. Tool market is basically 
occupied by foreign brands, which has seriously restricted the development of our 
country 's aerospace industry. 
Under this background, arounding the topic of the grinding technology of 
cemented carbide tool for machining aluminum alloy, the paper studied on the 
manufacture of carbide tools and the development of grinding software, in order to 
realize the high precision and high efficiency machining of the tool, which provided 
some theoretical support for the tool manufacturing and process problems. Mainly 
contains the following contents: 
a. Based on the complex curved surface forming and cutting edge curve 
forming theory, A CL (Cutter Location) computing model of the taper-end mill that is 
able to present the active controlling for the geometric parameters in 5-axis CNC 
machining is established, and the models are universal. 
b. The mathematical model of grinding path for the machining of rake face and 
flank face are respectively deduced for the circular-end mill，and the model is 
universal. With the help of using adequately the flexible manufacturing potential of 
CNC grinding Machine, the conversion of the CL datas to the motion parameters of 
the machine tool are obtained. 
c. Then, using VC++6.0 programming language developed a set of software 
special for WM621 machining solid carbide cutting tool.  
d. Based on 3D simulation, a simulation test platform is built and machining 
tool via cutting simulation. And then, a lot of grinding experiments were carried out 
on the end-mill. Finally, the cutting tool is formed, and the geometric parameters of 
the grinding tool are measured, and the results are good. 
Key words: Rotary cutting tool; Active control ; Cutter Location; Cutting simulation 
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